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Abstract 
Engines were invented two hundred years ago but early dynamometers did not benefit 
from the technological advances until the last hundred years. A John Deere Model E hit-and­
miss engine has a nominal power of3hp. The purpose of this project was to analyze this engine, 
including verifying power. 
Outcomes of the analysis of this engine include brake horsepower and thermal efficiency. 
The first step was to put the engine under a load. This was done with a water pump system. 
Pressure, water flow, and rotation were measured from tests using the system. This type of 
system is analogous to a water brake dynamometer used in industry. 
Results of the analysis were hindered due to unknown efficiencies of the transmission 
belt and pump. These quantities can be found by using a motor with known power output. 
The entire system's output was .35hp and an angular velocity of47-37 radians per second. 
1. Introduction 
An internal combustion engine converts a combusted air-fuel mixture to rotational 
motion using a piston in a chamber. A four-stroke engine is an internal combustion engine that 
has four stages: intake, compression, power, and exhaust. Naturally aspirated engines use a 
difference in pressure between the combustion chamber and the atmosphere for the intake stroke. 
The engine used in this thesis project was a John Deere Model E, 3hp (horsepower) which is a 
four-stroke, internal combustion, hit-and-miss, and naturally aspirated gasoline engine. The 
engine displacement is about 62.8 cubic inches, or 1.03 liters. Its compression ratio is 9: 1 with a 
4" bore and 5" stroke. Waterloo Boy designed this engine. When John Deere bought them, the 
engine was kept in production, but rebranded. John Deere Model E's include the 3hp used, but 
also a ti hp and 6hp tier. These models have options such as spark plugs and kerosene. 1 
The engine is started by manually rotating the flywheel. The flywheel is connected to the 
crankshaft/camshaft. This motion pulls back and pushes forward the piston. When the piston is 
pulled back, there is a pressure present in the chamber less than atmospheric pressure. This 
pressure is enough to activate the poppet valve on the chamber head allowing air to come into 
the chamber. This constitutes the intake stroke. Next the piston moves forward; this is the 
compression stroke. A cam on a cam-gear activates the pushrod which triggers the ignitor. This 
ignition of the air-fuel mixture is the power stroke. The pushrod also opens the exhaust valve. 
These expanding gasses push the piston back and the cycle repeats. The flywheel has a smaller 
diameter pully attached to accommodate a belt transmission. Hit-and-miss engines do not have a 
power stroke every time the engine cycles, hence the name. The flywheel acts as an energy 
1 Publications, I. 0. (1985. September 0 I). The John Deere Model E Gasoline Engine. Retrieved April 09, 2017, 
from http: f/www.gascnginemagazinc.com/gas-enginestthc-john-deerc-modcl-c-gasoline-cngine 
5 
retention device due to its mass moment of inertia and allows the engine to cycle several times 
between power strokes. 
I. I History 
Hit-and-miss engines greatly benefitted small farmers during the turn of the century. 
Several agricultural advances happened during this time. The mechanized thresher allowed grain 
to be harvested easier, cheaper, and better than by hand. Corn cultivation and harvesting 
equipment also progressed. The steam engine was developed during the British Industrial 
Revolution. This technology allowed cities to prosper beyond the river. Before this, cities were 
tied to the river because of water powered mills. However, the steam engine was only 
economical for large businesses. Farmer cooperatives, such as The Grange could buy steam 
engines, but with the arrival of the petroleum powered hit-and-miss engines, all small farmers 
could own an engine. These engines, ranging from less than I to over I 00 horsepower, powered: 
grinders, drill presses, lathes, corn shellers, wood saws, water pumps, and fodder cutters.2 
Engines were rated by the Prony Brake dynamometer.3 This instrument measured torque 
produced by an engine. A tachometer attached to the engine recorded the rotational speed. These 
two quantities were multiplied to find power output. Simple hit-and-miss engines were easy to 
maintain and make. A multitude of small companies produced engines from the turn of the 
century to World War II. Hit-and-miss engines were phased out by better engine technology, 
such as high tension magnetos, higher compression ratios, and spark plugs. High efficiency 
Columnist, R. W. (2017, March 27). The Historian: 'Hit and miss' engines were a hit with formers. Retrieved April 
09, 2017, from http;//www.berksmontnews.com/opinionl201703 JOl1he-historian-hit-11nd-miss-engines-were-a-hit­
with-farmers 
J Publications, I. 0. (2009, September 22). Rating Steam Engine Horsepower. Retrieved April 09, 2017, from 
http://www.formcollector.com/q-and-a/rating-steam-engine-horsepower 
l 
6 
electric motors phased out most petroleum engines entirely. Old engines were scrapped for their 
metal to help the war effort. 
1.2 De-winterizing 
The first step in working with a century old engine was restoring it. Most surviving 
engines were stored in barns and winterized. Hit-and-miss engines are water cooled by a water 
hopper above the engine to be gravity fed into the water jacket. In winter, the water could freeze 
and crack the entire cast iron assembly. If replacement parts were not available, then the part 
would need to be welded closed. Similarly, the fuel line could crack and need repair. The Model 
E uses a brass fuel check valve that needed to be replaced for the project. Figure N shows this 
part. The fuel is delivered via pressure difference between the chamber and fuel reservoir. To 
stop back feeding, a check valve was used. 
Figure 1'1: Fuel check valve that cracked due to 
temperature fluctuation. 
I.3 Scope 
The goal of this project was to verify the nominal horsepower ofa 3hp John Deere Model 
E engine. This was done by building an engine test stand. Modern dynamometers are 
electromagnetically based; however, this is difficult and expensive to produce. The dynamometer 
4 R .. & D. (2016, April 21 ). 1.5 3 6 hp John Deere E Check Valve Fuel Linc W/Dart Gas Engine Motor Hit Miss. 
Retrieved April 09, 201 7, from http:/1 www.cbay.com/itmfl -5-3-6-hp-John-Dcerc-E-Chcck-Valve-Fuel-Linc-W­
Dart-Gas-Enginc-Motor-Hit-Miss-/381300041748 
7 
technology utilized in this project was hydrodynamics. Water brake dynamometers are used for 
marine ships. They excel at measuring high torque, low rotation engines. This includes hit-and­
miss engines that have multi-liter displacements and large flywheels with low rotation. The 
Bernoulli Equation was used to calculate the head. Several assumptions were made to simplify 
this equation such as, initial conditions and turbulence. The head was then used to calculate 
power. 
Another goal of this project was to find the efficiency and compare it to an idealized 4­
stroke engine. This would be done using the definition of efficiency and the Otto Cycle. 
2. Testing 
2.1 Engine 
The engine used in this project was a John Deere Model E, 3hp, internal combustion, hit­
and-miss engine. The engine displacement is about 62.8 cubic inches, or 1.03 liters. Its 
compression ratio is 9: 1 with a 4" bore and 5" stroke. 
2.1.1 Ignition 
The air-fuel mixture in an internal combustion engine needs to combust to produce 
power. In gasoline engines, a spark is used. The John Deere uses a make-and-break ignition 
system. It is a rudimentary, but effective method to provide a spark. Engines today use spark 
plugs, some newer hit-and-miss engines utilize this technology or are retrofitted. Make-and­
break ignition was the winning design because it could use the low voltage output of early 
magnetos (mags). However, this ignition system was replaced because it limited the speed and 
compression ratio of engines.5 The measured output of the low-tension mag on the 3hp John 
Early lgnilion Systems. (n.d.). In Engine Ac.•cessaries Operation (pp. 23-31 ). 
http:l/www204.pair.comlbbg46/FM%20Mag%20Manual/Mag%20Early%201gn%20Systcms(23-31 ).pdf 
i 
8 
Deere was 6 Volts, alternating current. This was sufficient to create a spark when the contacts 
separated. See Figures 2 and 3 for images. 
The process description ofa make-and-break ignition is as follows. The contact is broken 
due to the igniter trip hitting the igniter hammer. The hammer opens the contacts and a spark 
jumps between the contacts due to the powered, closed circuit being broken. The igniter trip is 
connected to the adjustable trip bracket which is mounted on the pushrod. The pushrod moves 
linearly. It moves due to the timing cam on the cam gear. The push rod also actuates the exhaust 
valve. Once the exhaust stroke is complete, intake occurs and the process repeats. This specific 
process is unique to only the John Deere in this project. Other hit-and-miss engines function 
differently. 
Magneto Wire 
Ignition Assembly ...._ 
....... 

Trip ----­
Pushrod 
Figure 2: The annotated Figure 3 : The contacts 
ignition system. of the ignition. 
2.2 Test Stand 
The test stand contains the plumbing, reservoir, and pump. Plumbing consists of PVC and 
steel components. A repurposed plastic barrel is the reservoir. The pump is a Deming end suction 
9 
centrifugal- semi-open impeller model 4001, Unit 508. A cost analysis of this system is 
presented at the end of this section. More photos can be viewed in Appendix 3. 
2.2. J Plumbing 
The plumbing connects the reservoir to the pump and back. The suction side is made of 
PVC because there is not enough pressure to require reinforcement. At the lowest height, an 
inspection Tis present so the system could be easily drained. Starting at the pump outlet, steel is 
used. A pressure gauge is attached to another inspection T. A gate valve at the end of the Tis 
used to create addition resistance to the flow thereby reducing flow. This was done to see if the 
engine produced more power at greater loads. A gate valve was selected over a shut-off valve 
because it offered more control of the flow. The shut-off valve is binary whereas the gate valve is 
a gradient; requiring several turns to stop the flow. After the valve, the plumbing returns to PVC 
since there isn't pressure. Two elbows are used to move the water laterally back to the reservoir. 
The outlet is around 6" above the reservoir to allow returning fluid flow to be collected and 
measured. Figure 4 shows the completed assembly. 
Figure 4: Complete test stand 
with plumbing, engine, and 
pump. 
10 
2.2.2 Reservoir 
The reservoir was made from a water softener container. It is 34.5 inches tall with a 
diameter of 17.5 inches. The reservoir is larger than needed to make sure pressure and height 
changes are negligible using the Bernoulli calculation. 
The original container did not have an outlet, so one had to be made. The hole was cut 
using a handheld power drill and hole saw drill bit. A male and female PVC adapter were used to 
create an outlet that would interface with the rest of the plumbing. An important note on the 
adapters is the number of threads. The male part had n threads, and the female part had n-2 
threads. The fit needed to be tight between the two parts to crimp the PVC to the container. 
Therefore, 2 threads from the male end were ground off. A silicone based gasket maker was 
spread in the threads and immediate surroundings of the outlet. To align the outlet and plumbing, 
the tank was shimmed using scrap wood. Figure 5 shows the reservoir. 
Figure 5: Reservoir before and after outlet 
fabrication and installation 
There were several considerations that went into choosing the pump. Hit-and-miss engines 
were phased out by smaller electric motors. Consequentially, history repeats itself with pumps. 
The pump used in this project was acquired at Mendlesons, a surplus and liquidation warehouse, 
in Dayton, Ohio. One of the largest factors in finding an appropriate pump was if it had a powered 
take off (PTO) shaft. Most pumps included an electric motor directly connected to it. It would be 
troublesome to disconnect the electric motor then attach a belt system to the shaft. This problem 
l l 
compounds if the input shaft does not have an attachment point for a pully. Of the 50+ pumps 
found, around l 0 had PTOs. The pump chosen was a Deming end suction centrifugal - semi-open 
impeller model 400l, Unit 508. 
The second factor considered in choosing an appropriate pump was the input and output 
bore size. One pump had a 6" diameter output with an attached flange and bolts. This would have 
been used for industrial/heavy-duty use. A different pump had a Y4' ' input and Yl' ' output. The 
expected input to the pump was around 3 horsepower. The engine would not be able to reliably 
power the large pump, but would overpower the smaller one. 
The final parameter in selection of a pump was the condition, specifically the impeller. 
Most of the pumps had some surface rust, however the impellers were in working condition. If the 
impeller was too worn, then the pump would not produce enough centrifugal force to circulate the 
water in the system. Another consideration for impellers was the working fluid it was designed to 
propel. There were pumps that were decent candidates on the outside, but the impeller was 
intended for oil or Freon/coolant. 
2.3 Test Procedure 
The input to the system was the power from engine transferred via a belt and pump. The output 
was flow rate, rotation, and pressure. The step by step procedure is as follows: 
1. 	 Start the engine 
a. 	 To start the engine, fully choke the engine with the shutter valve, have the correct 
setting on the Venturi fuel valve for the RPM setting (determined by the 
governor), and spin the flywheel. When the engine hits, open the throttle. 
2. 	 Ensure belt is tight 
12 
a. 	 This can be accomplished with securing a specific distance between the engine 
and stand or via a weighted belt tensioner. See Figure 6 for picture. 
3. 	 Open valve so it offers the least amount of resistance 
4. 	 Record pressure, RPM, and mass/volume flow rate 
a. 	 Take several measurements to ensure accuracy and precision, 3 were taken in this 
project. 
5. 	 Adjust valve in increments until flow stops and repeat step 4 with each increment 
a. 	 Because of the periodic power strokes intrinsic to a hit-and-miss engine, some 
water will trickle out when a power stroke occurs. While this flow can be 
measured, the rate will go to zero. In Results, this phenomenon will be seen at 2.5 
psi. 
Measurement of flowrate was accomplished using a 2-gallon container and stopwatch. The 
pressure was found using a pressure gauge accurate to a tenth ofa psi. RPM was measured using 
a video recorder. 
Figure 6: System setup with 2x4 spacer 
blocks 
13 
Efficiency was found by measuring how much fuel was used. The fuel line was removed 
from the fuel tank and placed into a graduated cylinder. Then, the engine was started. The fuel 
consumption rate was found by finding the time it took for the engine to use I Oml of gasoline. 
See Figure 7 for a picture of the test setup. 
2.4 Cost 
Figure 7: Efficiency test setup 
The total cost of this project was $200. J7. The plumbing cost $60.81. The pump, belt, 
and pully cost $98.00. The pressure gauge cost $4 J.36. For an itemized list, see Appendix 2. 
3. Results 
The system built had a physical input of gasoline and outputs of rotational speed, water 
flow, and pressure. The goal was to find power output of the engine and its efficiency. 
Calculations were done via Microsoft Excel. Raw output and programming can be seen in 
Appendix 1. 
14 

3.1 Power 
Power was calculated from mass flow. Power is energy per second. It takes a certain 
amount of energy to transport mass against gravity. The Bernoulli Equation was used to find the 
equivalent pump head for different pressures. 
3. I. I Bernoulli 
The Bernoulli Equation relates pressure, energy, and velocity between any two points in a 
streamline.6 The two points evaluated were at the free surface of the reservoir and at the pressure 
gauge before the gate valve. The equation is derived using the principle ofconservation of 
energy. See Figure 8 for the mathematical statement. Figure 8: Complete Bernoulli Equation 
simplified from energy balance 
The following assumptions were made to simplify: head loss, major and minor, were negligible, 
the flow was turbulent so a = 1, v1is close to zero due to the large reservoir, and P1 was 
atmospheric pressure. The resulting equation is shown in Figure 9. 
p v2 
2,gauge + 2. + Az Figure 9: Simplified Bernoulli Equation hpump= Ll 
pg 2g 

used in calculations 

Pressure was read from the gauge attached before the valve on the inspection T. Velocity was 
derived from the measured volumetric flow. Velocity is the volumetric flow rate divided by the 
cross-sectional area. Change in height was measured using a tape measure. Density and gravity 
are known constants of the working fluid, water. The average head of the pump was 2.148 feet 
6 Fox, Robert W., Alan T. McDonald, Philip J. Pritchard, and John W. Mitchell. Fox and McDonald's /11trod11ctio11 
to Fluid Mechanics. Hoboken, NJ: Wiley, 2015. Print. 
15 
with a standard deviation of0.0191. Using a one factor ANOVA test, it was found that the heads 
were not statistically different, this is demonstrated in Figure 10. The ANOV A test was done 
using Excel's Analysis ToolPak. This means that the engine does not output more power when a 
larger load is applied. This makes sense because the mass/volumetric flow rate was linearly 
inversely proportional to the pressure. Figure 11 shows this close correlation. 
Pump head was used to find power output. This was done by using the energy associated 
with the potential energy of gravity. This equation can be seen in Figure 12. 
Pump Head vs Pressure 
3 
- 2.5 ~ 
"tJ 
ru 
~ 
c. 
§ 
C1. 
2 
1.5 
1 
0.5 
0 
0.5 1 1.25 1.5 
Pressure (psi) 
Figure 10: Differences in 
head can be attributed to 
truncation in data, and human 
factors in measuring 
volumetric flow rate. 
2 2.5 
y c -8.8209x + 25.847 
Figure 11: ThePressure vs Gallons per Minute R2 =- 0.9627 
25 relationship.... 
CV 20 
............... 0
:; between volume 
.!: 15::;: ..... 
~ 10
E 
-ro 
Cl 5 
a 
0 o.s 
·-.......... 
flow rate and the 
··············.!?............................ 
pressure created by 
1 1.5 2 
G 
2.5 
···-9 
3 3.5 the gate valve are 
Pressure (psi) 
closely related. 
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Since the input head was the same, they would all require the same power. The volumetric flow 
rate associated with 2 feet of head is 20 gallons per minute. The mass flow was calculated using 
the volumetric flow rate and density. Mass flow at 2 feet of head was 2.78 lbm/s. The output of 
Figure 12 was in lbf-ft/s, which was converted to horsepower. There are 550 lmf-ft/s in I 
horsepower. The average power was 0.350hp. To find brake horsepower, the overall power 
would be divided by total efficiency. However, total efficiency could not be found, see 5. 
Continuation for further discussion. 
3.1.2 Rotation 
Another aspect of power is torque. Power is equal to torque multiplied by rotation (in 
radians per second). Rotation was measured using a video camera. The camera used was a Canon 
PowerShot SX 130 rs. rt captures video at 30 frames per second.7 Using the video software 
Windows Media Player, the video could be played frame by frame. Rotations per minute (RPM) 
was found for each pressure setting. RPM was converted to angular velocity by dividing by the 
radius of the pully. With the gear ratio known, 4.75" (Engine): 2.25" (Pump), the RPM of the 
pump was also found. Both wheels had the same angular velocity because the belt did not slip. 
Q=mgh Figure 12: Energy rate associated with change in height 
There was no slip in the belt because the belt did not squeak and did not whip when the engine 
had a power stroke. 
Rotation was independent of pressure. This can be viewed in Figure 13. This makes sense 
because the pump head was constant throughout. rf the RPM increased, then power would 
7 PowerShot SXl30 IS. (n.d.). Retrieved April 09, 2017, from 
https://www.usa.canon.com/intemct/portal/us/homelsupport/details/camcraslsupport-point-and-shoot/powershot-sx­
series/powershot-sx 130-is?tab=technicalspeci Iications 
17 
increase. Due to the nature of a hit-and-miss engine, RPM was not constant through time. 
Between the power strokes, the rotation slowed down, even with the momentum of the 
flywheels. This phenomenon can be seen in Figure 14. 
The rotation can be quantified as steady state and peak RPM. The peak RPM of the 
engine, 450, occurred during the power stroke. The steady RPM of the engine was 360. Torque 
can be found by dividing power output and dividing it by peak angular velocity. 
Time vs RPM 
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400 0 0. c ... 
o .- e o o o o 
Figure 13: RPM was the::E 300 
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3.2 Efficiency 
The energy out of the test stand is lower than the brake horsepower of the engine due to 
energy lost between components, such as the belt and pump. Losses can be accounted for with 
efficiency. These losses could not be found due to time constraints. Efficiency is defined as the 
18 
quotient of power out and power in. It can be calculated using an idealized Otto Cycle 
calculation or experimental test data ofpower in versus out.8 
The Otto Cycle equation is a function of the compression ratio and specific heat. 
The equation can be seen in Figure 15. With a compression ratio and a generalized specific heat 
of 1.4, the theoretical efficiency is 58.5%. 
Figure 15: Otto Cycle efficiency. r is compression 1 
11thermal, Otto"" I - rk-1 
ratio and k is specific heat of fuel. 
The experimental efficiency is found by dividing input energy due to gasoline by the 
brake horsepower. The input energy was found by multiplying the amount of fuel used by its 
Higher Heating Value (Hl-IV).9 In simple terms, the HHV is how much power a substance 
creates when combusted. The input energy was found to be 6.80hp. If the Model E was ideal, the 
brake horsepower should be just below 4hp. But with improper timing and an igniter being used 
instead of a spark plug, output will be less. The pump efficiency was going to be found through 
its product manual, but the operating rotation and rated rotation were not the same. The operating 
rotation was a fourth of the rated rotation. Efficiency ofa pump is not linear, so operating 
efficiency could not be found. The belt efficiency could not be found because an engine with 
known output was not attached to the system. Because the efficiencies of the belt and pump were 
unknown the power of the engine could not be found. This problem is discussed further in 5. 
Continuation. 
8 <;cngel, Y. A., & Boles, M.A. (2015). 111ermodynamics: an engineering approach. New York: McGraw Hill 

Education. 

9 Dernirel, Y. (2012). Energy: prod11crio11, conversion, storage, conservation and coupling. London: Springer. 

19 
4. Conclusions 
This project created a dynamometer to measure power from century old petroleum 
engines. However, the project fell short of its goal of finding brake horsepower because the 
efficiency of the belt and pump were not known. These quantities can be found using a motor 
with known output. This motor can also verify assumptions made in the Bernoulli Equation. The 
engine used was a John Deere Model E, 3hp gasoline engine with a make-and-break ignition. 
The entire system's output was .35hp with an angular velocity of 47-37 radians per second. 
5. Continuation 
This project did not reach the conclusions that were sought for at the start. The results 
found are valid, but they require more information to be finalized into the desired result. This 
project's initial objective was to analyze an engine. This would be done by finding its power 
output and efficiency. Due to time constraints, the efficiencies of the pump and belt were not 
found, so brake horsepower and efficiency could not be found. 
Power was found by putting the engine under a load created by a water pump system. 
The power output was found to be .35 horsepower from the system. However, energy was lost in 
the transition of power from the engine to the water. The belt and pump each have unique 
efficiencies. Firstly, head losses (major and minor) were ignored in the Bernoulli Equation used 
to calculate power. Pump efficiency was to be found via its owner's manual, but the RPM it was 
rated at did not match the operating RPM. Next, belt efficiency was neglected since most hit­
and-miss engine do not use a shaft transmission. Belt loss is acceptable in an engine's use, but to 
find brake horsepower, the belt efficiency would have to be found. 
To find these unknowns, a motor with known output and efficiency will be needed. An 
electric motor's efficiency can be found in its manual or through an ammeter. This motor can be 
20 
used to find the efficiency curves of the pump though manipulating gear ratios. The most 
important efficiency to find is the RPM that the engine spins with. At the rated RPM of the 
pump, its efficiency is known and head loss can be found. Minor head loss will be constant, but 
major losses vary with speed. but this can be easily calculated. Once the pump efficiency is 
found, the motor's power can be transferred via a belt to find the belt's efficiency. With 
efficiencies found, the original engine's brake horsepower can be calculated using the Moody 
Chart or Colebrook's Formula. This horsepower also allows the engine's thermal efficiency to be 
found. 
Other tests can be conducted using the test stand. The speed, transmission, type of fuel, 
lean to rich mixture, and ignition timing can be varied on the John Deere. Also, other hit-and­
miss engines can power the system and their power output calculated. John Deere Model E' s 
include the 3hp used, but also a l 'i hp and 6hp tier. These models have options such as spark 
plugs and kerosene. The system created is a cheap, portable, replicable, and easy to calibrate 
dynamorneter. 
21 
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Appendix 
1. Calculations 
For Excel calculations, two images will be present. The first will be of the page, the second will 
be the page with fonnulas showing. 
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1.5 Engine Dfaplacement 
Piston Compression Ratio 
Strol<e (•I s v 9 
Bore{") 4 62.83185307 
1.028 Liters 
.Head 
Lencth 2:.5 7.853981634 
Bore 
Pbton 
~troke ("I 
lllcief't 
.lit . 
I.ell~ 
ION! 
~ 
2S 
~ 
\/ 
•(B3/W2"Pl()'B2 
l.028Uters 
•(B7/2)•2°PIO"B6 
Compression Ratio 
•(03+061/06 
29 
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4. Videos 
Videos of the tests are hosted on YouTube. 

Entire playlist: 

https:/lwww.youtube.com/playlist?list=PLllXeK09Ua6rCo0PmlmrLXXJCsR2HEyFb 

Efficiency Test: https://voutu.be/ICPj I uNc4zs 
Mass Flow .5 psi: https://youtu.be/5qOqu0v4AoU 
Mass Flow I psi: hllps://youtu.bc/6Yzl-JzTtlBzg 
Mass Flow 1.25 psi: https://voutu.be/gdW5tl2cMqk 
Mass Flow 1.5 psi: https://youtu.be/SOf-'Nto34wSO 
Mass Flow 2 psi: hHps://voutu.hc/jaCt\Vcv IJQc 
Mass Flow 2.5 psi: https://voutu.be/CO thBPsu 11 
System First Start I: https://youtu.be/24S I kOOnODs 
System First Start 2: https://youtu.be/9u-44Ke6Fg0 
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5. Pump lnfonnation 
Fig. 4001, 4011, 4021
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Fig. 4011 & 4021 
Selection Curve, 1150RPM DEMING
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Fig. 4001 
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